BENEFITS CHAPTER S

This chapter describes the screening level risk assessment and benefits assessment conducted for
the mineral processing waste LDRs. The focus of this discussion is on the quantitative aspects o the
analysis, although qualitative decriptions of regulatary benefits that could not be estimated quantitatively
also are provided.

The end products of the quantitative portion of the benefits assessment are estimates of how the
levels of health risks associated with waste disposal would change from the pre-LDR baseline situation to
post-LDR regulatory conditions. These benefits are summarized i n terms of changesin the numbers of
facilities disposing of the various wastes (facility-waste stream combinations) at which the calculated health
risks exceed selected levels.

Because of the limited data avail able supporting the risk and benefits analysis (particularly
constituent concentrati on data), these analyses were perfor med using two different methods to generali ze
from the limited data tothe universe of wastes and facilities affected by the regulatory options. The first
approach) the mean-concentration approach) used the arithmetic average constituent concentrations as the
basis for evaluating the risks for each waste streamand for extrapolatingrisk levelsto all facilities disposing
of agiven waste stream. Based on senditivi ty analyses of these results, which showed awide range of
variability in key constituent concentrations in many waste streans (and in the resultant risks), a
supplemental analysis was performed. Thislatter approach)the sample-specific approach) used the
individual waste sampleconcentrations to evaluate therisks from disposal o the various wastestreams.
Similar tothe first approach, sample-specificrisk assessment results were then used to extrapd ate regulatary
benefits across all disposd facilities. These different approaches to evaluating weste disposal risks, and to
estimating regulatory benefits, are described in detail in the following sections.

The major steps in the quartitative screening risk assessmernt and benefits estimation were:*
. Initial data preparation, including the identification of waste streamsfor i nclusion

in the benefits assessment and devel opment of hazardous waste constituent
concentration data for the waste streams;

. Estimation of representative rel ease concentrations for each sample, facility, and
waste stream with adequate data;
o Characterization of environmental transport (dilution and attenuation i n groundwater) of

hazardous constituent rd eases fromwaste management wnits (e.g., surface impoundments
and landfills) to potential exposure points;

. Estimation of toxic constituent intakes andindividua cancer and noncancer health
risks for hypahetical "central tendency” (CT) or "high end” (HE) exposed
receptors characterized on the basis o release and transport assumptions;

. Screening calculation of risksfor pre-LDR conditions us ng mean rel ease concentration
estimates for each waste stream as an initial step (sample-specific and facility-gecific
screening risk calculations are described below), and far the post-L DR conditions
(Regulatory Options 1 and 2) assuming trested wastes would meet UTS requirements,

. Evaluation of the benefits of Regulatary Options 1 and 2 in terms of the estimated
numbers of facilities where significant reductionsin estimeted health risks occur under the
two options;

! Therisk anadlysis conducted for this benefits assessment follows the recently provided EPA
guidance: EPA, "EPA Risk Characterization Program," Memorandum from Carol M. Browner,
March 1995.
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o Evaluation of the smsitivity of the first approach to the screening risk assessment and
benefits analysis to uncertainties inwaste constituent concentrations and fate and transport
assumptions;

o Based on theresults of the sengitivity analysis, screening calcul ation of pre- and post-LDR

risks and benefits of Regulatory Options 1 and 2 using sample-spedfic concertration data
rather than mean waste stream concentration vaues;

. Comparison of mean-concentration and sample-specific concentration screening risk and
benefits results; and

. Summarization o qualitative benefits of dl four regulatory options, and
discussion of the limitations of the screening risk and benefits assessments.

The remainder of this chapter is organized into five sections. Section 5.1 discussesthe selection of
waste streams for inclusion in the benefits analysis, the approaches used to estimate waste constituent
concentrati ons and to estimat e the numbers of faci lities affected by LDRs in the mean-concentration
screening risk analysisand benefits assessments. The assumptions made regarding waste treatment and
disposal technologiesunderlying the two baseline scenarios are described. The coverage o the benefits
assessment relative to the cost and economic impect analysisis also discussed. Section 5.2 describes the
mean-concentration screening risk methodology (the first of the two methodsused to estimate risks and
eva uate benefits), and describes how it has been applied to theprior treatment and no prior treatment
baseline scenarios, and to Regulatory Options1 and 2. Section 5.3 summarizes the results of the mean-
concentrati on screening ri Sk assessment, and the changesinindividua risks associated with the disposal of
the various waste streams and constituents under the two baselines and the regulatory options. Section 5.4
summarizes the benefits of the regulatory options (numbers of facility-waste strean combinetions with
significant changes in mean-concertration risks), estimated using mean constituent concentrations, in
comparison to the baselinescenarios. The potential sources and magnitude of uncertainty in the mean
concentration screening risk and benefits are also described. The results of this sensitivity analysisled to the
further investigations described in Section 5.5, which includes screening risk and benefits analyses
conducted using constituent concentration data from individual waste samples, rather than using mean-
concentration values. BPA also compares the results of the mean-concentration and sample-specific
assessments in this section.
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51 DATA ANALYSISAND DEFINITION OF BASELINE SCENARIOSFOR THE MEAN-
CONCENTRATION SCREENING RISK ASSESSMENT

The benefits assessment depends, first, on the ability to identify and characterize the wastes that
would be affected by the proposed regulatory options. Benefits of the regulatory optionsfor mineral
processing waste LDRs are then estimated for this universe of wastes in reference to two sets of "baseline”
assumptions regarding the current management practices for these wastes. Thissection describes the
methods used to identify wages for inclusion in the benefits assessment, themethods used to estimate
representative constituent concentrations for screening risk assessment purposes, and the basic features of
the two pre-regulatary baselines.

5.1.1 Constituent Concentrations, Waste Quantities, and Numbers of Facilities

Theinitia stepsin the screening risk assessment and benefits analysis were aimed at identifying the
waste streams and fadlities that would be included in the quantitative screening risk assessment and benefits
analysis, characterizing the concentrations of toxic congtituents in the various wastes streams, and
developing estimates of waste quantities for purposes of the screeningrisk assessment. Theinitial
methodology that was employed used representati ve constituent concentrati onsto evaluate the risks
associated with the disposal of eachwaste stream. Where multiple waste sampleswere avdlable, arithmetic
mean constituent concentrations were used as an estimateof pre-L DR release concentrations (see below).
Since the cancentrationsof specific constituents were the mgjor criteria used to determine whether waste
streams and facilities were included inthe quantitative benefits assessment, thefirst two activities were
conducted in parallel. Thebasic stepsin theinitial dataanalysis, asindicated in the numbered nodes on
Exhibit 5-1, were as follows.

Step 1. EPA first dotained concentration data for each of the potentially hazardous mineral
processing waste streams subject to this LDR rulemaking. These waste streamsincl ude wastewaters (WW;
<1 percent solids), liqui d nonwastewaters (LNWW:; 1 to 10 percent solids), and nonwastewaters (NWW;
>10 percent olids). Buk concentration data were used for WW wastes, and |eachate concentration data
were used for LNWW and NWW wastes. The concentr ation data were obtained from RTI surveys and EPA
devel opment documents for effluent limitations guidelines (see Appendix H).? The majority of these
wastes are TC metal wastes (D004-D011). In addition, ather waste streamsthat are nat TC for metals, e.g.,
those that are only ignitible, corrosive, and/or readive (D001, D002, DO03) and/or organic TC (D018-D043)
may aso poserisks. However, quantitative ri sk assessment generaly is not possi ble for the first category of
wastes due to alack o concentration data. The organic and pesticide wastes may also pose risks, but
because of the much lower volume and concentrations of these wastes compared to the TC metals wastes, no
quantitative risk assessment was performed. However, the potential risks associated with non-TC metal
waste streams are addressed qualitatively for the baselines and regulatory options.

Step 2. EPA then examined the results of the qualitative and quartitative datareviews described in
Chapter 3in order to characterize the degree of certainty that the waste stream is hazardous according to the
TC criteria. If awaste stream was categorized as"Y" (indicating high

2 In calculating congtituent concentrations from bulk concentration or leachate data, the
arithmetic means of al the reported concentraions were used, and non-detect values were included
in the concentration calculations as values equal to one-half the detection limits. Most sample data
were available from only one or two waste streams or facilities, which may contribute significant
uncertainty to the analysis
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likelihood for being TC hazardous), thetotal number of facilitiesgenerating the waste streant was used
directly in the benefits analysis without adjustment. (This step does not affect the quantitative screening risk
characteri zation for the waste, but only the benefits assessment, where the numbers of facilities where risks
will change under the regulatory optionsis estimated, as discussed in Section 5.4.) For waste streams
categorized as"Y ?" (indicating alower likelihood of being TC hazardaus) the number of facilitiesused in
the benefits estimation was reduced by 50 percent under the CT benefi ts assessment. The number of
facilities used in the HE benefits analysis was till equal to the entire universe of facilities generating the
wastes. This approachmay have resuted in over- or under-estimation of regulatary benefitsin the CT case,
depending on what proportion of wastes categorized as"Y 7' actually exceeded the TC concentrations. This
approach likely overestimates benefits far the HE case because it includes all faalities, when some are likely
to generate wastes that arenot TC hazardous. This approach parallels the approach taken to selecting
facilitiesfor inclusion in the cost analysis, as described in Chapter 4.

Step 3. Severa waste streams that are suspected of being hazardous (i.e., indicated by "Y ?") do not
have constituent concentration data. Because concentration data are neededto quantify risks, EPA only
addressed these waste streams qualitatively. See Section 5.4.3 for a discussion of the benefits potentially
resulting from the regulation of these wade streams.

Step 4. The quantities of wastes generated at each facility determines the value of the dilution and
attenuation factor (DAF) value used in the expaosure assessment and risk characterizaion (see Section
5.2.1.1 and Appendix | ). The quartities of each waste stream used inthe fate and transport analysis were
adjusted to account for the uncertainty assodated with the degree of recycling currentlytaking place. This
approach is again analogaus to the procedure employed in the cost analysis. If awaste was identified in the
data base as not being recycled at dl (i.e., indicated by "N"), then al (100 percent) of the waste is assumed
to be treated and disposed and thus was included in the benefits analysis. If wastesareclassifiedas"Y"
(high likelihood of full recycling) then 20 percent of the waste isincluded in the benefits analysis.* If a
waste is categorized as"Y ?' (possibly fully recycled), then 50 percent isincluded in the analysis. If the
waste is categorizedas "Y' S* (high likelihood of being partidly recycled) or "YS?' (possbly partially
recycled), then 80 percent is included in the analysis. Aswas the case for the adjustments to the number of
facilitiesin the previoustwo steps, this approach introduces uncertainty into the numerical risk and benefits
estimates. Benefits may either be over- or under-estimated depending on the actual amounts which are
recycled.

The major inputs to the mean-concentration screening risk estimation are the identities and average
concentrations of the waste contaminants and |eachate species, and the amounts of wastes being generated
(which are used i n the fate and transport analysis). Thus, after these four steps were completed, the mgj or
waste-related input data to the mean-concentration screening risk estimation had been developed. The
following waste constituentswere included in the screening risk modeling for the health benefits andysis:
aluminum, antimony, arsenic, barium, beryllium, boron, cadmium, chromium, cobalt, copper, iron, lead,
magnesi um, manganese, mercury, molybdenum, nickel, selenium, silver, thallium, vanadium, and zinc. The
Agency did not have concentration data far every constituent for each waste stream. For some wastes, data
were not available o were available for only a few constituents.

The activities described above also produced the remaining major input to the benefits analysis,
namely, estimatesof the numbers of facilities that would be generating/disposing of the various wastes
streams under CT and HE assumptions under the baseline and regulatory gptions.

5.1.2 De€finition of the Baseline Scenarios

Asnoted in Chapter 4, this RIA measures the benefits of the regulatary options far mineral
processing wastes against two sets of baseline assumptions. These sets of assumptions have been defined as
the "prior treatment baseling" andthe "no prior treatment baseline”. These two sets of assumptiorns were
developed based on available information regardng the current management practices for the various
mineral processing wastes potentially affeded by the regulatory options. Two sets of baseline assumptions

¥ See Chapter 3for a description of how the total numbers of fecilities generation specific
wastes streams were estimated.

* In the sample-specific approach, this assunption is reduced to zero percent.
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have been developed because of the high level of uncertainty about the current management practices for
specific waste streams.

Theprior treatment baseline assumes that all mineral processing wastes wauld be treated to meet
the TC leachate concentration requirements’ (primarily through neutralization and dewatering, as
appropriate, and stabilization), even in the absence of new regulatory initiatives. Because the UTSand
TCLP concentrations for mostinorganic analytes are  similar, thisis essentially equivalent) from arisk
screening per spective) to the post-regul atory waste management practices we have assumed (compliance
with the UTS) under regulatory Options 1 and 2 for most of the treated wastes. Thus, the benefits of either
of the options, measured againgt the prior treatment baseline, will berelati vely low.®

Theno prior treatment baseline, on the other hand, employs the assumption that all of the
mineral processing wastes currently being generated would be disposed without treatment inland-based
units (surface impoundments or waste piles)’ in the absence of regulatory changes. In contrast to the prior
treatment baseline, this set of assumptions may overestimate actual baseline risks since some minera
processingwastes arelikely being treated aurrently. The estimated benefitsof regulaory optionsthus are
greater under this baseline than under the priar treatment baseline.

These two baselines spanthe reasonable range (fromarisk and cost standpoint) of management
practices likely to be anployed to manage the various wastes under current regulatory requirements. Actual
practice in the affected industries are likely to be somewhere in between these two extremes. The general
structure of the risk screening of the prior treatment and no prior treatment baselines ae described in
Sections 5.2.1 and 5.2.2, respectively.

®> Since LDR requirements are not in effect for these wastes prior to this proposed rule, they
would not have to meet UTS concentration requirements.

® Under Option 1, however, several additional waste streams (characteristic Sludges and
byproducts being recycled) would be brought under regulatory control, thus providing additional
health benefits. These wastes are not brought under regulatory control under Option 2. As
discussed in Section 5.2, two of these waste streams for which constituent concentration data are
available are included in the quantitative risk assessment and benefits estimation, while the berefits
of better management of the other wastes are addressed qualitatively.

" Underground injection is another possible basdline disposal technology for some wastes that
has not been addressed in this assessment due to a lack of data and models that would support a
quantitative risk assessment. The omission of this technology probably resultsin an
underestimation of baseline risks and in the aggregate health benefits of the regulaory options.
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5.1.3 Comparison of Coverage of the Risk/Benefits and Cost/Economic | mpact Analysis

As noted previoudly, there is relatively little data related to the concentrations of constituents in the
waste streams that may be affected by themineral processing LDRs. In fact, during implementation of the
mean-concentration risk and benefits analysis, concentrati on data were available for only about 26 percent of
the waste streams included in the cost and economic impact analysis. However, in terms of the volumes of
wastes covered, the risk and benefits analyses cover amuch larger fraction of the wastes addressedin the
cost and ysis. Theri sk assessment incl udes approximatel y 92 percent of the total minimum waste volume
estimate used in the cost analysis, 81 percent of the average volume estimate, and 71 percent of the
maximum waste volume used to edimate regulatory costs. In addition, theextent of risk assessment
coverage of most of the high-volume wastes is quite high; over 97 percent of the wastes fromthe three
highest-volume commodi ties (1 ead, copper, and zi nc) is covered. Coverage on some of the lower volume
sectorsis na nearly & high, andthere is no chemical concentration data available for many of the small-
volume sectors.

The fact that some mineral processing hazardous wastes are not covered in therisk and bendits
assessments biases the results of these analyses. Since thecompositions (and hence the toxicities) of the
excluded wastes are not known, it is nat possible to determine the extent of thisbias, but it is clear that the
net affect is to underestimate pre-L DR risk and regulatory benefits. Therefore, BPA investigated several
options for increasing the coverage, as described inSection 5.5.1.1. A detailed breakdown of the extent of
the coverage of thescreening risk and benefits assessment by sector is given in Appendix J.

52 MEAN-CONCENTRATION SCREENING RISK ASSESSMENT METHODOLOGY

This section providesa discussion of the methods used to devel op quantitative estimates of health
risks under the two basdines and under the Regulatory Options 1 and 2 using the mean constituent
concentrations in each wagte stream as our estimate of the release concentration (i .e, thefirst of the two
approaches used to assess risks). In Section 5.2.1, the methods used to evaluate risks associated with the
prior treatment baseline and with thetwo regulatory options aredescribed. (As noted above, the basic
methods used to eval uate these threecases are essamtially the same.) Section 5.2.2 discusses thedlightly
different approach that is taken to evaluate risks for the no prior treatment baseline.

5.2.1 Prior Treatment Baseline and Regulatory Options 1 and 2

This section describes the screening level methods used to quantitatively evauate the health risks
associated with waste disposal activities under theprior treatment baseline scenario and under Regul aory
Options 1 and 28 The samemethods are used to address risks for all three cases because, as noted in
Section 5.1.2, the waste selection and treatment technol ogy assumptions under the prior treatment baseline
are essentially identical to those under regulatory Options 1 and 2. The anly magjor exceptions to this are the
recycled waste streams that are not currently regulated, but that would require sour ce control under Option
1. Constituent concentration data are available for two of these waste streams, and these wastes areincluded
in the screening risk assessment and benefits analysisfar Option 1. Potential changesin risksfor the
remainder of the recycled wastes under baseline condtions and regulatory Options 1 and 2 are evduated
qualitatively, as described inSection 5.4. In addition, the risk impacts of Regulatory Options 3and 4 are
discussed qud itatively.

The overall scheme for the mean-concentration screening risk assessment for the prior treatment
baseline and regulatory Options 1 and 2 is shown in Exhibit 5-2. The methods used to select waste streams
for inclusion in the screening risk assessment were discussed in Section 5.1.2. Once the waste streamswere
chosen for inclusion, ascreening level approach was used to eval uate risks associated with the management
of each waste streamunder baseline and regulated scenarios. To estimate rel ease concentrations, it was
assumed that all wastes would be treated to achieve TCLP (in the baseline) a UTS (under Options 1 and 2)

8 This quantitative analysis does not address the health risks associated with other aspects of
waste management, such as the risks associated with land-based reclamation or other recycling
activities under ather the baselinecases or Options 1 and 2. The risks associated with these
activities are addressed qualitatively in Section 5.4.3.
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concentrations’. For wastewaters and liquid non-wasteweters, the treatment train wauld involve dewatering
and stabilization. For non-wastewaters, only stabilization would be employed.

Exposures to waste constituents were assessed using a generic groundwater exposure pathway
model (described below) that characterized exposures faced by hypothetical individuals exposed to
contaminated groundwater near waste disposal facilities. The outputs o the screening risk analysis were
estimates of individua lifetime incremental cancer risks, as well as hazard quotientsindicating the potential
for the occurrence of noncancer adverse effects. Theseindividua risk estimaes served asinputs to the
benefits estimation, as described in Section 5.4.1. Health risks were estimated assumi ng that the ingestion
of contaminated groundwater would be the only significant exposure pathway affected by the management
of these wastes under the baseline assumptions and the various regulatory options. Other pathways, such as
inhaation of particulate or vapors, ingestion of surface water contaminated by runoff or groundwater
discharge, use of groundwater for cropirrigation, and consumption of game fishin nearby surface water
bodies, were not eval uated. Given the predominant composi tion of the minera processing wastes, risks
from inhal ation expaosures to volatile contaminants are not likely tobe significant. In addition, individual
risks arisng from groundwater discharge to surface water are aso likely to be much lower than the risks
from the direct ingestion of groundwater. Under some circurmstances, however, particdarly under the no
prior treatment baseline, human exposures and risks due to particul ates rel eased to the air and due to runoff-
contaminated surface water might be significant. Omission of thesepathways from the risk assessment may
have resultedin an underestimation of baseline riks and in a corresponding underestimete of regulatory
benefits relative to the no priar treatment baseline.

Chemica exposures and risks for the hypothetical receptor were calculated using two sets of
assumptiors reflecting the likely range of variability in groundwater transport parametersand exposure
conditions. Asdiscussed bdow, thefirst set of estimates (central tendency, or CT estimates) were derived
using representative assumptions about groundwater dilution and receptor well locations, while the second
set of exposure and risk estimates (high end, or HE estimates) were derived using high-end groundwater
dilution and exposure assumptions. For both the CT and HE estimates, the same set of central tendency
release, intake, and exposureassumptions were used to estimate risks.

° As noted above, these concentrations are generally so similar that there isvery little risk
reduction under Regulatory Options 1 or 2 in comparison to the prior treatment baseline.
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5.2.1.1 Releaseand Transport Modds

The general approach used to eval uate constituent rel ease concentrations under the prior treatment
baseline and regulatory Options 1 and 2 is summarized in Exhibit 5-2. Nonwastewater (NWW) streams
were assumed to be stabilized prior to di sposal. Wastewater s (WW) and li quid nonwastewaters (LNWW)
were assumed to be neutralized, dewatered, and then stabilized For all o the WW, NWW, and LNWWs, it
was assumed that stabilization wauld reduce all leachate condituent concentrations above the UTS levelsto
their respective UTS concentrations. Thus, if the mean |eachate concentrationsin the untreated NWW and
LNWW streams (or the mean bulk concentrations in WWSs) were less than UT Sconcentrations, these mean
values were used directly as estimat es of release concentrations from the treated wastes. 1f the mean bulk or
|eachate concentrations fromthe untreated wastes were above UTs levels, then the UTS values were used as
estimates of release concentrations for those constituents. See Appendix | for alist of the UTS levels for
key inorganic analytes.

The structure of the compliance requirements of the LDR treatment standards suggest that average
post-treatment leachate cancentrationswill be lower than the UTS cancentrations, and performance data
from waste stabilization studies, as well as data from other sources, support this conclusion. None the less,
in the mean-concentration screening risk and benefits analysis, EPA used the UTS concentrations as the
estimate of post-L DR release concentrations. When sensitivity analysesindicated that the benefits
estimates were highly dependent on post-LDR concentration estimetes, (Section 5.4.4) we developed
aternative assumptions about post-L DR rel ease concentrations, and empoyed them as part of the sample-
specific screening risk and benefits analyses which are described in Section 5.5.

Exposure viaingestion of groundwater was modeled for each waste constituent. The release and
exposure characterization are bah time-invariant, using steady-state assumptions about release
concentrations and transpart conditions. Two sets of dilution-attenuation factar (DAF) values wereused to
estimate groundwater exposure concentrations. The CT exposure concentr ations were estimated using a
landfill DAF valueof 500. The valueof 500, selected fromthe Toxicity Characteristic Regulatory |mpact
Analysis,' represents the 75th percentile of the prabability distribution of DAF values derived for hazardous
waste landfills. The 75th percentile DAF was used to take into account possible complex subsurface
conditions which cauld facilitate groundwater transport. The HE landfill DAF vdues varied, based on the
guantities of waste generated. The annual mass o waste generated (in metric tons per year) was converted
to volume of waste generated annually (cubic yards per year) assuming an averagewaste density 2,000
pounds per cubic yard. As noted previously, the dewatered volume of WW and LNWW, rather than the
pretreatment volume, wes used to estimated HE DAF values. As shown in Appendix I, the landfill DAFs
range from 12 to 100, with the lowest DAFs assigned tothe largest waste vdumes.** EPA iscurrently
revising the DAF values as part of regulatory development effort for the Hazardous Waste I dentification
Rule (HWIR), and this screening risk assessment and benefits analysis will be revisited when the revised
values become available.

10 USEPA, March 1990.

1 This approach is described in "DAFs for Landfills and Surface Impoundments’ in 56 Federal
Register 33000 (July 18,1991); Table 1 of this document provides DAFs as a function of waste
volume,
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5.2.1.2 Groundwater |ntake Estimation

Lifetimeindividual cancer risks and noncancer hazard quotients were estimated based on the
average daily intakes of contaminants at mean concentrations through groundwater ingestion. Four different
groundwater pathway contaminant intake estimates were develgped in this analysis:

D cancer - CT,;

2 cancer - HE,

(©)) noncancer - CT; and,
4 noncancer - HE.

Asnoted above, the CT intake estimates wer e calcul ated usi ng the CT DAF values, whilethe HE
intake estimates were developed using HE DAF values. For bath CT and HE exposure estimates, the daily
groundwater consumption rate used for intake estimation was 1.4 liters day for a 70-kg adult. The intake
frequency was assumed to be 350 days/year over anine-year period for both cancer and nancancer risk
calculations. The exposure averaging time usedto estimate daily intakes for cancer risk assessment was 70
years, while the averaging time used to estimete intakes for calculating nancancer hazard guotients was nine
years (equal to the exposure periad).”* The DAF values also reflect arange of exposure locations (distance
of drinking water wells fromthe treatmert unit boundary). The exposure parameters used to estimate
intakes are shown inAppendix | .

5.2.1.3 Toxicity Evaluation

EPA used standard toxicity parameter values (ingestion pathway Cancer Slgpe Factorsand chronic
noncancer Reference Doses)™ to derive risk estimates for al of the toxic waste constituents except lead. In
the case of lead, the potential for adverse noncancer effects was evaluated by comparing daily intake values
to the doselevel corresponding to EPA's drinkingwater Maximum Contaminant Level (MCL) of 15 ug/l in
drinking water. The toxicity values used in the screening risk assessment are listed in Appendix |.

5.2.1.4 Risk Characterization

Lifetime cancer risk estimates for the hypothetical receptors were derived by multiplying daily
lifetime intake of carcinogenic waste constituents by the ingestion pathway Cancer Slope Factars for these
constituents.”® To calculae the total lifetime cancer risks associated with exposure to multiplecarcinogenic
constituents in the same waste stream, the cal culated cancer risks for each constituent were summed.
Among al of the waste streams eval uated, arsenic and berylliumwere the only constituents for which
ingestion-pathway slope factars were available. Thus, al cancer risks in this assessment aredue to arsenic
and beryllium exposures.

Noncancer hazard quatients werecal culated far all of thenoncarcinogenic constituents of the waste
streams by dividing the average daily dose to the receptor during the exposure period by the chronic
ingestion pathway Reference Dase far each constituent. In dsplayingnoncancer risk results for the waste
streams, only the highest hazard quotient value amongthose for al the constituentsis given. Hazard
quotients were not sunmed across constituents within waste streams because, unless the target organ and

12 The nine-year exposure period corresponds to EPA's estimate of the averageresidentia tenure
at asingle location.

2 The difference in exposure averaging times reflects the differences in the assumed causative
mechanism for cancer and noncancer effects. Cancer risks are believed to be related to exposures
averaged over afull lifetime, while noncancer adverse effects may occur in response to exposures
over ashorter time period. All of the parameter val uesrelating to pollutant intake esti mation come
from EPA's Exposure Factors Handbook (1989).

14 These data were obtained from the IRIS data base (1995) and HEAST (1993).

15 Cancer risk edimates developed using this procedure were bounded at 1.0.
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mode of action for various chemicals are the same, adding hazard quotients is not justifi ed as an indicator of
overal risk.

Nether cancer risks nor hazar d quotients are summed acr oss wade streams within acommodity,
consistent with the assumption that exposure only occurs to one waste stream at atime at a given facility.
Furthermare, note that because estimates of bath cancer risk and hazard quotient estimetes are very
uncertain, they are not appropriate for use in making fine distinctions amang wastes or reguatory options.
Risk results are displayed in terms of order-of-magnitude ranges (10° to 10*, for exarmple), and only
changesisrisk moving from one arder of magnitude to another are considered to be"significant”, when
calculating regulatory benefits. Thisissueis discussed inmore detail in Section 5.4.

The results of the mean-concentration screening risk characterization for the priar treatment
baseline and regulatory Options 1 and 2 are summarized in Section 5.3.

5.2.2 NoPrior Treatment Baseline Risk Screening

This section provides a brief di scussion of the methods used to calculate health risks for the no prior
treatment baseline. For the most part, the methods used are the same as for the priar treatment baseline.

5.2.2.1 Releaseand Transport Model

Slightly different methods were usad to estimate waste constituent release concentrations under the
no prior treatment baseline than were used for the prior treatment baseline, as shown inExhibit 5-3. Inthe
case of wastewaters (WW), release concentration estimates were ssimply the mean bulk constituent
concentrations from the reported deta for eachwaste stream. For nonwastewaters (NWW) and liquid
nonwastewaters (LNWW), the mean leachate concentrations, rather than bulk concentrations, were used.
Unlike the prior treatment baseline and regulatory Options 1 and 2, release concentrations were not limited
tothe UTSlevds.

Groundwater dilution of releases from the no prior treatment case were estimated using DAFS,
similar to the approachtaken for the prior treeement baselire. Asin tha analysis the CT exposure
concentrations were estimated by divi ding the release concentrations by the CT DAF values, while the HE
exposure concentr ations wer e estimat ed by dividi ng the rel ease concentrations by the HE DAF val ues. In
the case of the wasteweters, however, the DAF values for surface impoundments were used, rather than the
DAF vauesfa landfills, as were used in theprior treatment baseline. TheCT DAF value for surface
impoundments is 500, the same as tha for landfills, whilethe HE DAF values for surface impoundments
range from 100 t0 6.0, depending on annual waste flows, as shown in Appendix |. The exposure
concentrations in groundwater far constituents of LNWWSs and NWWs were cal culated using the landfill
DAF values, the same as for the prior treatment case.
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EXHIBIT 53

Graphic Not Available.
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5.2.2.2 Groundwater Intake, Toxicity Evaluation, and Risk Characterization

The models and parameters used to estimate groundwater intakes of waste congtituents, to
characterize the toxicity of waste congtituents, and to characterize health risksunder the no prior treatment
baseline are the same as those used to characterize risks under the priar treatment baseline. Thus, the
discussion of these methads presented in Section 5.2.1.2 through 5.2.1.4 are not repeated here.

53 RESULTS OF MEAN-CONCENTRATION SCREENING RISK ASSESSMENT

This section discusses changes in theactual screening risk assessment resultsfor the various waste
streams under the baselinesand under Options 1 and 2 cal culated using mean constituent concentrations to
estimate pre-LDR no prior treatment releases and the UTS concentrations to estimate post-L DR and prior
treatment baseline release concentrations. The risk outputs of these and yses are used in the estimation of
guantitative regulatory benefits (numbers of facility-waste stream combinations where risks are reduced
below regulatory criteria) described in Section 5.4. Non-quantified benefits of Options 1 and 2, aswell as
the benefits of Options 3 and 4, also are described in Section 5.4. Results of the other benefits assessment
approach ) using sample-specific constituent concentrations to estimeate risks and benefits) are presented
and discussed in Section 5.5.

5.3.1 Risk Screening Resultsfor the Mean-Concentraion No Prior Treatment Baseline

Exhibit 5-4 provides a summary of the screening level risk assessment results for mineral
processing waste disposal activities under the no prior treatment baseline. (Asnoted in Section 5.2, the
prior treatment baseline risk screening results are essentially identical tothose for Options 1 and 2, and thus
the results for the prior treatment baseline are not discussed independently in this section.) Central tendency
(CT) and high-end (HE) baseline risks are shown in the columns labeled "Pre-LDR", with cancer risks onthe
left half of the table and non-cancer hazard quatients on theright half. Quantitative risk estimetes are
provided only for those waste streams for which constituent concentration and taxicity data are available.

As seen in Exhibit 5-4, sufficient datawere availabl e for 36 of the non- or partly-recycled material s (for
both Options 1 and 2) andtwo of the fully recycled materials (Option 1 only).

Severa observations concerning cancer risks can be mede from the results in Exhibit 5-4:

J The mgjority of both the CT (20 of 28) and HE (27 of 38) cancer risk estimates
under the mean-concentration no prior treatment case exceeded the 10° level of
concern.

. The commoditieswaste streams with the hi ghest calcul ated mean-concentration

CT cancer risks were chip treatment wastewaters from beryllium production,
autoclave filtrate fromantimony production, and acid plant blowdown fromzinc
production. The estimated individual cancer risks far these wastes were an the
order of 10? or greater.

. The disposal of six waste streamsfrom vaious industries were associated with
calculated cancer risksin therange of 10°, with the remainder of the waste stream
cancer risks below thislevel.
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Graphic Not Available.
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The highest estimated HE mean-concentration cancer risks under the no prior
treatment baseline were in the range of 10™ to 1.0. In additionto the three wastes
mentioned above from antimony, beryllium, and Znc production sectors, wastes
with the highest estimated cancer risks were acid plant blovdown and goent bleed
electrolyte from copper production, acid plant blowdown and process wastewater
from lead production, and spent surface impoundment liquids from znc
production.

The mean-concentration HE cance risks calculated for nine additiona waste
streams were in the range of 10° to 10*, with the remainder of the waste stream
cancer risks below these levels.

Similar to the situation seenfor cancer risks, the mgjarity of the noprior treatment baseline non-
cancer hazard quotients cdculated under both CT and HE assumptionsexceeded thelevel of regulatory
concern (in this case, avalue of 1.0).

There does not appear to be asimple pattern of asingle industry or type of waste where cancer risks
or hazard quotients are highest, although wastes from antimony, beryllium, copper, and zinc production, ad
to alesser extent lead production, show up as hi gh-risk industri es somewhat more frequently than others. In
the case of beryllium production wastes, thefinding of high cancer risksis due to beryilium itself being one

Under CT mean-concentration assumptions 23 of the 38 cal culated hazard
quotient values exceeded 1.0, while 35 of the 38 HE hazard quotients exceeded
thislevel.

Under CT assumptions, the three waste streams with the highest mean-
concentrati on hazard quotients (approachi ng or exceeding 1,000) were dl from
the zinc industry (acid plant blowdown, spent surface impoundment liquids, and
wastewater treatment plant liquid effluent). These wastes a so had the highest
hazard quatients under HE assumptions (valuesgreater than 70,000).

Other commodities where one or more wastes had mean-concentration HE hazard
quotients exceeding 1,000 were antimony production (autoclavefiltrate),
beryllium production (chip treatment wastewater), copper production (acid plart
blowdown and spent bleed electrolyte), elemental phosphorus production (furnace
scrubber blowdown), and lead production (acid plant blowdown and process
wastewater). In addition, the HE hazard quotient for an additional zinc production
waste (process wastewater) also exceeded 1,000.

of only two carcinogenic constituents eval uated.

As noted in Section 5.2, the screeni ng risk calculations for the no pri or treatment baseline (and for

Option 1) include two characteristic materials currently na subject to LDRs. As shown inExhibit 5-4,

neither of these twowastes are associated with any of the highest mean-cancentration cancer risk ar hazard
quotient values, althoughthe HE and CT values do exceed the levels of regulatory concern for both o these

wastes.
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5.3.2 Mean-Concentrations Risk Screening Resultsfor Option 1

The results of the risk screening for Regulatary Option 1 arealso summarized in Exhibit 5-4.
Severa observations concerning cancer risks can be made based on these results.

o The estimated cancer risks are substantially reduced for most wastes under Option
1 when comparedto the no prior treatment baseline. (This point is made clearer
in Section 5.4.)

. Under Option 1, the highest CT cancer risks calculated for any of the waste

streams are in the range of 10° to 10, compared to the maximum ri sks of
approximately 10 seen in the no prior treatmert baseline case.

. The number of waste streams for which CT risks exceed the10° level of concern
drops from the 21 of 38 seen in the basdline caseto 16 of 38 under Option 1. It
should be noted, however, that an additional fivewaste streams have associated
post-LDR CT cancer risk estimatesin the range between 1.02x10° and 1.33x10°.
Itisnot clear, given the level of uncertainty in the ri sk estimates, that these ri ks
are actually greater than 10°. (The potential implications of these findings for the
mean-concentration benefits assessment are discussed in Section 5.4.4.)

. Under HE assumptions, the highest estimated cancer risksunder Option 1 are all
less than 10°*, compared to the many risks exceeding 10™* under the no prior
treatment baseline.

. The number of waste streams for which HE risks exceed 10° drops from 27 of 38
under the baseline to 22 of 33 under Option 1. In both the CT and HE cases, the
risks dropping fromabove 10° to below 10° were associated with the same five
waste streams. antimony production autoclave filtrate, beryllium production
bertrandite thickener d urry and chip treatment wastewater, and the two fully-
recycled materials for which congtituent data were available (lead production
wastewater treatment plant effluent and spent goethite and leach cake fromzinc
production).

. Most of the highest risks identified in the no priar treatment baseline in Section
5.3.1 stay above 10° under Option 1. Thesole exception is the risk associated
with chip treat ment wastewaters from ber yllium production, which drops from
around 10" in the baseline case to below 10° under Option 1. The estimated risks
for many of the other highest risk wastes are substantially reduced, but not to
levels below 10°. In the case of theHE cancer risks, there are no potential "swing
wastes' (wasteswith risks very close to 10°; see Section 5.4.4.2) under Option 1
asthere are with the CT estimates.

Several dbservationsconcerning non-cance risks can bemade based on the results presented in
Exhibit 5-4.

o In contrad to the situaion for cancer risks, the CT mean-concertration hazad
quotientsfor al of thewastes are reduced below 1.0 under Option 1. Thus, none
of these wastes pose risks of regulatory concern under Option 1.

J The HE mean-concentration hazard quotientsare also substantially reduced, but
many (23 of 38) till remain above the level of concern of 1.0.

o Analogous to thecase for the CT cancer risks, an additional six of the HE mean-
concentrati on hazard quotients for Option 1 come very close to dropping bel ow
the level of concern, ranging in value between 1.0 and 1.5. Aswasthe case for
the CT cancer risks, thereisa substantial degree of ambiguity as to how to count
these wastes for purpases of bendits assessment. Thisissueis discussed in more
detail in Section 5.4.4.
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o The highest post-LDR mean-concentration hazard quotients are just above ten,
compared to the maximum no prior treatment baseline value of 400,000. Wastes
in this category includecopper production acid plant dowdownand process
wastewater, processwastewater and surface impoundment waste liquids from lead
production, and zinc production spent surface impoundment liquids.

. Aswas the case far cancer risk reductions, the mean-concentration non-cancer
hazard quotient reductions under Option 1 are highly variable, and not all of the
wastes posing the hi ghest risks under the basdli ne case il pose the highest risks
under Option 1.

5.3.3 Mean-Concentration Risk Screening Results for Option 2

Asdiscussed in Section 5.2, the only difference between regulatory Options 1 and 2 isthat Option 1
would require source cantrol measures for appraximately 13 fully-recycled characteristic materials that
would not be addressed under Option 2. Thus, the mean-concentrationrisk screening results for Option 2
are exactly the same as for Option 1, except that the risk (and benefit) contributions of these Option 1
materials would not be included. The bottom panel of Exhibit 5-4 ("Options 1 and 2") displays the risks
excluding the fully-recycled materials. As discussed above, the cancer risks and hazard quotients calculated
for the wastes excluded under the Option 2 analysis are not among the highest under either the CT or HE
assumptions. However, boththe baseline CT and HE mean-concentration cancer risks for these waste
streams are above 10°, and the CT and HE hazard quotients for ane of the wastes (WWTP treatment effluent
from lead production) are above 1.0. Under the assumptions used in the risk screening, all of these values
would drop below levels of concern under Option 1. Thus, theexclusion of these wastes doesresultin a
difference in regulatory benefits between Options 1 and 2, as discussed in Section 5.4.2.

5.34 Key Uncertaintiesand Limitation of the Mean-Concentration Screening Risk Assessment

The data and risk assessment methodol ogy used to evaluate the changesin risks associated with the
management of mineral wastes under the various LDR gptionsis highly generic and imprecise. Some of the
sources of uncertainty in this ri Sk assessment ar e those that are common to many screening level prospective
risk analyses. Othersare unique tothis study. Among those tha are comnon to screening level analysesin
genera are:

. The use of highly generic and chemical release and ervironmental fate and
transport models;

. The use of a generic exposure assumptions, asimplified exposure pathway model, and
generic exposure factor values;

. The use of toxicdogical data derived primarily from animal studies to predict human
response to pollutant exposures, and the use of simplified toxicolagical models to eval uete
risks; and

. The use of deterministic methods that do not address mgjor sources of uncertainty and

variability in the exposure and risk assessment models and parameters.

The use of all of these assumptions and approachesis fully consistent with the screening level
nature of this risk assessmert. However, the consequence of using these simplified methodsis that the
quantitati ve risk estimates for the management of the wastes are highl y uncertain, and the level of
uncertainty, althoughlarge, cannot be estimated reliably. The results of this screeninglevel risk assessment
should be interpreted as being no better than order-of-magnitude indicators of risks.

In addition to uncertainty, it islikely that some of the assumptions mede will tend to either
overestimate or underestimate exposures and risks. Key conservative exposure assumptions indude the
assumption that groundwater wells would be present near every facility, and the assumption that the
contaminated well would supply all of the drinking water for the receptor 350 days per year. The remainder
of the exposure factar values are representativeval ues derived from BPA sources, and are na likely to
overestimate exposureor risks.
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In the case of the taxicological analysis, linear low-doseextrapolation for carcinogensis aso
generaly considered to provide a conservative esti mate of risks. Also, the ingestion dope factor values for
al of the carcinogenic waste constituents addressed in this assessment are quite uncertain, and their use may
also overestimate cancer risks.

The majar assumptions that might underestimate risksin this assessment include the inability to
estimate non-groundwater pathway risks, and the inability to indude wastes for which constituent
concentrati on data are unavailable. Both of these factorswould most likely contribute to an underestimation
of regulatory berefits aswell asrisks, since releasesof all wastes woud be contrdled under theregulatory
options (even those wastes for which no concentration data are currently available), and because expoaures
through all pathways are likely to be better controlled under regulationthan under the no prior treatment
baseline.

In addition to these common sources of uncertainty, there are additional sources of uncertainty that
are unique to this screening risk analysis. These include:

o Uncertainty about the chemical composition of wastes and the variahility in
concentrations of key toxic constituents,

. Uncertainti es about the pre- and post-L DR management practices and technologies for
specific wastes,

o Uncertainties about the amounts of wastes and waste constituents that would be rel eased
from land management units; and

. Uncertainties about site-specific fate and transport pathways and parameter values, and
about receptors.

The use of the mean constituent concentration val ues as release concentration estimates helps to
assure that these values will be representative of the reported datataken as awhole, but does not account for
the variability in actual waste or leachate concentrations. The variability in constituent concentrations
within some of the waste stream samplesis actually very large, and the composition of some waste streams
is quite heterogeneous. Analytical results from some samples and/or faci lities show high levels of
congtituents that are not present at all, o are present at very low concentrations, in theother samples. The
potential uncertainty in the mean-concentration screening risk estimates associated with the variability in
waste composition is analyzed in more detail in the sensitivity analyses described in Section 5.4.4.

Asnoted in Section 5.2, the uncertainties about groundweter transport are addressed throughthe
use of the"CT" and "HE" DAF values devel oped by EPA specifically far this purpose. The uncertainties
asociated with alack of knowledge of pre-LDR management practices are addressed by defi ning the two
baseline cases, which span the range of likely management practices, at least at an aggregate level. The
uncertainty regar ding the nature and locati on of receptorsisresolved, asindicated above, by usng EPA's
previous analysis of the average distance to the nearest well, and by defining a generic adult resident
exposure scenario. Thus, as appropriate for a screeninganalysis, uncertainty is addressed either through the
use of defensible generic assumptians, or through the use o multiple exposure scenarios spanning the likdy
range of exposureconditions.

54 MEAN-CONCENTRATION AND QUALITATIVE BENEFITSASSESSMENT

This section presents abrief description of how the benefits of the proposed regulatory options have
been estimated, based on the mean-concentrati on screeni ng risk esti mates (i.e., using thefirst of thetwo
general approaches), folloved by a summary of theestimated regulatory benefits of the four options.

54.1 Mean-Concentration Benefits Assessment M ethodol ogy

The quantitétive benefits assessment devel ops estimates of the number of facilities at whichrisksto
human health will be reduced under regulatory Options 1 and 2, comparedto the baseline conditions. The
inputs to the benefits estimation arethe numbersof facilities generating and manag ng the various waste
streams (estimated as discussed in Section 5.1.1), and the estimated individual groundwater pathway risks
associated with management of the waste streams, which were discussed in Section 5.3. Benefits ae
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estimated by comparing the numbers of facility-waste stream combinations that fall into order-of-magnitude
risk categoriesin the pre- and post-L DR settings.*® Tables and histograms of the changesin the risk
distributions across facility/waste stream combinations are provided in the following sectiors.

Of particular concern to EPA are the numbers of facility-waste stream combinations at which risks
exceed levels of reguatory concern under the baseline assumptions and regulatory options. In this analysis,
an individual cancer risk level of 10° and a noncancer hazard quatient value of 1.0 havebeen selected as
levelsindicative of potential concern. The numbers of facilities at which the mean-concentration risks
associated with the disposal of individual waste sreams exceed these levels unde baseline conditions (pre-
LDR) are caculated, aswell as the numbers of faciliti es at which waste disposal risks are reduced bel ow
these levels by the regulatory options (post-LDR).

Asdiscussed previoudy, the prior treatment baseline is essentialy equivaent to the post-LDR
treatment requirements under Option 1, except that this option brings under regulation asmall number of
fully-recycled characteristic sludges and byproducts that are not currently subject to LDRs. Thus, there are
no estimated benefits of Option 1 relative to theprior treatment baseline, except those arising from the
control of the nemy-regulated waste streams. Option 2 and the prior treatment baseline are essentially
identical, and thus no quantitative bendits are estimated for Option 2 relative to this baseline. For these
reasons, the focus of the quantitative benefits assessment is on benefits relative to theno prior treatment
baseline.

In addition to the quartitatively estimated benefits, thereare also berefits of the various regulatory
options that must be characterized qualitatively. Since no quantitative risk assessment has been performed
for Options3and 4, all of the hed th risk benefits for these options fdl into that category.

5.4.2 Resultsof Mean-Concentration Quantitative Benefits Assessment for Regulatory Options

This section describes the results of the quantitative benefits estimation, first reviewing the
estimated numbers of facility-waste stream combinations countedin the benefits methodol ogy, and then
summarizing how the distributions of facility-waste stream combinations by risk level change from the
baseline case under the impositionof Options 1 and 2

5421 Estimated Numbers of Facility/Waste Stream Combinations

The numbers of facilities that generate and manage specific hazardous waste were estimated based
on constituent concentration data, as described in Section 5.1.2. In some cases (for al HE estimates), the
numbers of facilities used inthe benefits estimation is simply the total number of facilities generating the
wastes. For some wastes streams, the number of facilities hasbeen adjusted (reduced by 50 percent) in the
CT caseto take into account uncertainty about what proporti ons of some of the waste stream actualy isTC
hazardous.

The numbers of facility-waste stream combinationsincluded in thisanalysis are shown, by risk
category, in Exhibit 5-5a. Asseenin this exhibit, the total for Option 1 CT cancer risk is98; in the HE
cancer risk estimation, the tatal number is 113. The numbers of facility-waste stream conmbinationsin the
CT and HE noncancer hazard index estimation, respectively, are 136 and 157. The differencesin these
numbers reflect differencesinthe numbers of facilities generating carcinogenic and noncarcinogenic wastes,
and in the CT and HE estimates of the facilities generating wastes that are likely to be TC hazardous. The
numbers of facility/waste stream combinations included in the benefits estimates under Option 2 (lower
panel of Exhibit 5-5a) are dlightlylower, dnce the facilities generating the two fully-recycled characteristic
sludges and byproducts are not included in the latter estimates.

16 Changes in risks are characterized in order-of-magnitude increments because the level of
uncertainty in the screeningrisk estimatesdoes not merit more precise treatment.
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EXHIBIT 55
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Amongthe waste greams evaluated, the number of generating facilities varies greatly. The waste
stream associated by far with the greatest number of generating faciliti es (23) is cast house dust from
auminum and alumina production (see Exhibit 5-4). The next highest number of fadlities (11) is
associated with two waste streams from titaniumy/titani um dioxide producti on. Three additi onal wastes from
titani um production and three waste streams from copper production have the next highest esti mated HE
number of facilitiesat 10 each. In the case of the titanium wastes, the CT estimate of the number of
facilities has been adjusted downward to five. One other copper production waste is generated at nine
facilities, and the remainder of the wastes are generated at seven or fewer facilities. Nineteen of the 38
waste streams for which concentration data are availableare generated at three or fewer facilities.

54.2.2 Quantified M ean-Concentration Health Benefits Under Option 1

The numbers of facility-waste stream combinations for which estimated mean-concentration cancer
risks and hazard indices fall into specified ranges under the no prior treatment baseline and Options 1 and 2
are summarized in Exhibit 5-5a. These results are reproduced inthe form of histogramsin Exhibit 5-5b.

Under Option 1, the estimated numbers of facility-waste stream combinations with CT cancer risks
greater than 10° is reduced only slightly, from 68 out of 98 to 62 out of 98. The number of facility-waste
stream combinations with CT cancer risksless than 10° correspondingly increases from 30 to 36. It can be
seen, however, that the numbers of facility/waste stream combinations with high CT cancer risks (greater
than 10*) drops dramatically, from 45 facility-waste stream combinations to zero, under Option 1.

The specific waste streams for which CT disposal cancer risks decrease from above 10° to below
thisleve are spent goethite and | each cake from zinc production (three facilities) and three waste streams
from beryllium production, (one facility each)'”. CT cancer risks did not decrease below 10° for any of the
waste streams generated at the large numbers of facilities that were identified in Section 5.4.2.1. However,
the estimated CT cancer risks fromfive additional waste streams, from an addtional 19 facilities, were
reduced to levelsjust above 10° (between 1.09x10° and 1.33x10°) under Option 1. Relatively smdl
changesin the CT risk estimates for these wastes would greatly increase the number of facility/waste stream
combinations where risks were reduced to below levels of concern, and correspondingy increase the
estimated CT regul atory benefits. There were far fewer instances where risks were reduced to just below
levels of concern under Option 1, and less potentia far overestimation of benefits. The issue of these
potential "swingwastes' is discussed in nore detail in Section 5.4.4.2.

The number of facility/waste stream combinations with HE mean-concentration cancer estimates
greater than 10° drops fram 106 of 113 to 98 of 113 under Option 1, with a similar decrease in thenumbers
of facility/waste stream combinations with the highest ri sks aswas seenin the CT case. The HE benefits of
Option 1 (reduced numbersof facility/waste stream combinationswith HE cancer risks greater than 10°)
were accounted for by titanium producti on scrap milling waste (10 facilities), three beryllium producti on
wastes (four facilitiestota), and by the non-Bevill zinc production waste noted above (three facilities). In
the case of the HE cancer risks, there were no potential "swingwastes' (facility-waste stream combinations
with Option 1 risks just above or below 10°).

The numbers of facility-waste stream combinations with CT noncancer hazard quotients greater
than 1.0 decreases dramatically from the no priar treatment baseline to Option 1. Under the baseline case 71
of 136 fadlity/waste stream combinations had CT hazard quatients greater then 1.0. Under Option 1, this
number was reduced to zero. Obviously, many waste streams contributed to this reduction. The greatest
numbers of facility/waste stream combiretions where CT hazard quotientsdecreased from above 1.0 to
below 1.0 were three titanium/titanium dioxide production wages (10, 10, and 11 facilities, respectively),
and copper production scrubber and add plant blowdown (tenand nine fadlities, respedively).

The numbe of facility-waste stream combinations with mean-concentration HE hazard quatients
greater than 1.0 decreased less dramati cally than the corresponding number s of CT estimates, from 151 of
157 facility-waste stream combinations to 100 of 157. The wastes contributing the most to this reduction
were cast house dust from aluminum/alumi na production (23 facilities), and two waste streams from

” Note that thesewaste streams may we | have been generated at thesame facility. This
illugtrates why thetotal number of facilities generating wastes and the total numbers of facility-
waste stream combinations used to aggregate benefits are not the same.
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titanium praduction (tenfacilities each). In addtion, similar to the situation for the CT cancer risks, there
were three more waste streams (one from copper production and two from titanium production), accounting
for 32 fadlity/waste stream combinatians, wherethe post-LDR HE hazard quatients weredecreased tolevels
just above 1.0 (between 1.006 and 1.36). If these risk results had been lower by even afew percent, the
estimated HE benefitsof Option 1 (in termsof the number of fadlity/waste stream combinations with
noncancer risks reduced to acceptable levels) would have been changed (increased) substartially. There are
far fewe potential "swings' in the other direction (facility/waste stream combinations with HE hazard
quotients jus below 1.0). Theissue of patential swings in wage streams from one risk categary to another is
discussed in more detail in Section 5.4.4.2.

54.2.3 Quantified M ean-Concentration Health Benefits Under Option 2

Anaogous to the situation for the ri sk screening, the only difference between the quanti tative
regulatory benefitsbetween Options 1 and 2 isthe inclusion of the fully-recycled materialsin the former
Option, but not in the latter. Thus, the benefits for Option 2, shown in the bottom panel of Exhibit 5-5a,
differ only with regard to the risks and numbers of facilities associated with these waste streams.

The first waste stream, wastewater treatment plant liquid effluents, is estimatedto affect benefits at
four facilities under both CT and HE assumptions. While thi s waste does not pose any carcinogenic risk,
both the CT and HE nancancer hazard quotientsunder baseline assumptions exceed 1.0, and these values are
reduced below 1.0 under Option 1. In the case of the other waste (spent goethite and leach cakeresidues
from zinc productian, three facilities), both the CT and HE cancer risks exceed 10°, and the HE hazard
index exceeds 1.0. Since these values are also reduced to acceptable levels under Option 1, additional
regulatory benefitsare realized by that gption through reduced cancer risks.

In the case of CT mean-concentration risk estimates, the fully-recycled materials account for one-
half (three of the six facilities) at which risks are reduced from above 10° to below thislevel under Option 1.
Thus, from the pant of view of CT cancer risk reduction, Options 1 and 2 differ substantially. The actual
diff erence may be greater, Snce congituent concentration data were avai lablefor only two of the 13 full y-
recycled materials. The fully recycled materials account for asmaller, but still substantial, propartion (three
of eight facilities) at which HE cancer risks arereduced to from abowve to below levels of regulatory concern
under Option 1.

In the case of noncancer hazard quotients, the fully-recycled materias accaunt for afar smaller
proportion of the tatal numbersof facility/waste stream combinetions where CT hazard quotientsare
reduced to acceptable levels. Of the 71 facilities where mean-concentration CT hazard indices are reduced
from above 1.0to below 1.0 (under Option 1), the fully-recycled materials accaunt for only four facilities.
Where the number of HE mean-concentration hazard indices above 1.0 is decreased by 51 under Option 1,
the corresponding decrease under Option 2 is nearly the same, at 44 facility/waste stream combinations.

5.4.3 Qualitative Benefits Assessment for Regulatory Options

The benefits quantified in Section 5.4.2 represent only afraction of the total benefits expected from
the four regulatory options. Non-quantifi ed benefits include the following:

. Risk reductions from treated waste streams for which EPA does not have
concentration data.

. Risk reductions from wastes treated to less than the UTS levels post-LDR.

. Risk reductions from exposure pathways besides ingestion of cantaminated

groundwater (e.g., ingestion of contaminated drinking water from surface runoff,
ingestion o food grown using contaminated water, inhal ation of particulates).

o Risk reductions from receptors besides adult humans, such as children, other
sensitive individuals, and non-human receptors and ecosystems.

. Increase innon-use values (i.e., "existence value").
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Severa of these benefits are listed in Exhibit 5-6. Potentid additional risk reductions associated with pog-
LDR treetment of wastes tobelow UTS level sare addressed in the sample-specific screening risk analysis
discussed in Section 5.5.

5.4.4 Key Uncertaintiesand Limitations of the M ean-Concentration Benefits Assessment

This section identifies potential mgor sourcesof uncertainties in the mean-concertration benefits
assessment. The sources d uncertainty are discussed qualitatively in Section 5.4.4.1, and the resul ts of
sengitivity analyses of the benefits assessmentsto variability in constituent concentrations (a mgjor source of
uncertainty) are summearized in Section 5.4.4.2.

54.4.1 Major Sourcesof Uncertainty in the M ean-Concentration Benefits
Assessment

Since the mean-concentration benefits analysis is based on the results of the mean-concentrati on
screening risk assessment, the mgjor sources of uncertainty in the risk analysis (see Section 5.3.5) are also
major sources of uncertainty in the benefits analysis. Consequently, the no better than order-of-magnitude
precision of the risk estimates carries over into the benefits estimates, limiting the precision with which
facility-waste stream combinations can be classifi ed into categori es with regard to di sposal risk. A major
source of uncertainty in the mean-concentration benefits estimates that is most amenable to quantitative
sensitivity analysisis the known variability in toxic constituent concentrations within wastestreams. This
issue is addressed in Section 5.4.4.2 below.
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EXHIBIT 56
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Asdiscussed in Section 5.1.1, there is also uncertainty associated with the procedures used to
estimate the number of facilities managing hazardous mineral processingwastes. These estimates serve as
the other main input to the benefits analysis. However, these methads affect only the CT benefits estimates,
since the unadjusted number of facilities from the survey data are used to estimete benefits in the HE case.
Thus, the accuracy o the estimates of numbers of facilities generating wastes are ultimately limited by the
quality of the survey data.

Because of the uncertainty in the screening risk estimates and in the estimates of the numbers of
facilities generating wastes, the shifts in the distributions of facilities at different risk levels shown in
Exhibits 5-4 and 5-5 must beinterpreted cautiously. Any given waste (and the corresponding group of
facilities) might easily be misclassified with regard to its level of risk by an order of magnitude or mare.
There is also uncertainty associated with the estimated numbers of facilities at any given risk level under
both the baseline and regulatory options. However, the use of consistert assumptions about exposures and
risks acrossthe entire universe of wastes hel ps toassure that theranking o the waste streams by risksis
relatively consistent, and that the aggregate shiftsin risksfrom thebaseline case to post-LDR condtions are
reasonably represented.

5.4.4.2 Sensitivity Analysis of M ean-Concentration Benefits Estimatesto
Variability in Constituent Concentrations

Asnoted in Section 5.3, the variability of constituent concentrations within some of the waste
streamsis quite high, andthe waste sream concentration data for some streams arevery heerogeneaus with
regard to the presence or absence of specific condtituents, and with regard to the relative concentrations of
the congtituents. Thus, uncertainty in the pre-LDR concentration data has been identified asa major
potentia source of uncertainty in the screening risk assessmert, and by extension, in the benefits assessment.
To investigate the patential magnitude of the impact of constituent concentration variability on the mean-
concentration screening risk and benefits estimates, sensitivity analyses were performed.

The exact methods used and the results of the sensitivity analyses of the mean-concentration
screening risk and benefits assessments are described in detail in Appendix J. Firg, potentid "swing"
waste streams were identified. Swing wastes are defined as thosewaste streams for which arelatively smdl
change in estimated pre-L DR and/or post-L DR cancer risk or noncancer hazard quotients would resultsin
changes inthe ben€fits eximatesfor the regulatory options. These swingswould take theform of facility-
waste stream cormbinations moving from just above tojust below levels of regulatory concern, and vice
verse, Potential swing wastes were identified, and the impacts of specifi ed changesin ri sk estimates (plus or
minus afador of two or afador of ten) on the bendits estimates were evaluated. The results of this analysis
are summarized in Exhibit 2 of Appendix J.

Next, the potential variabilityin risk and hazard index estimates associated with the observed
variability in pre-LDR constituent concentrations was investigated. The variabilitiesin the concentrations of
key constituents (the constituents driving the risk estimetes) were evaluated far potential swing wastes
identified i n the previous step, and for the waste streams with the hi ghest pre-L DR risks, usi ng concentrati on
data from the waste stream data base. Riskswere calculated for the maximum and mininum constituent
concentrations, aswell asfor the mean concentrations, and the i mpacts on the benefits estimates (faci lity-
waste streams moving aboveor below levels of regulatory concern) were evaluated The results of this
analysis are summarized in Exhibits 4 and 5 of Appendix J.

The overdl findingsof the sensitivity analysis of the mean-concentration benefits assessment can be
summarized as fdlows:

. Numerous potential swing waste streams were identified. These wastes were generated at
large numbers of facilities, and their pre- or post-LDR mean concentration risk estimates
were close enough tolevels of regulatory concern (jud above or just below) so that small
changesin risk estimates coul d result in large changes in the numbers of facilities above or
below levels of concern.

o If risk estimates for the waste streams were off by aslittle as afactor of two (over- or
under-estimated), substantial changesin the estimated benefits of the regulatory gptions
would occur. For example, the number o facility-waste stream combinations estimated to
have pre-LDR CT cancer risks less than 10°° under Option 1 in Exhibit 5-5a (30), could
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range from aslow as 26 to as hi gh as 36 if therisk estimates were incorrect by afactor of
two or less. Similarly, the number of facility-waste stream combinations with pre-LDR
HE hazard quotients lessthan 1.0 in Exhibit 5-5a (6) could range fromaslow as 1to as
high as 41 if the hazard quotients were off by afactor of two. The estimated numbers of
facility-waste stream combinations with post-L DR risk and hazard quotient estimates
below levels of concern were also found to be very sensitive to small changesin the
underlying risk estimates (see Exhibit 3 of Appendix J).

. The actual variability in the pre-LDR concentrations of the key constituentsin bulk
concentration and |eachate samplesfrom many waste streams was very large. The
variability of key constituent concertrations (the ratios of minimato maxima) often
exceeded two orders magnitude. For alarge number of waste streams, the vaiability in
concentration data was sudh that wastes could easily "swing" from above to below risk
levels of regulatory concern, depending uponwhich concentration values were used
(Exhibit 5 of Appendix J).

Theresults of the sensitivity analysis suggest that using the mean concentrations of the key
congtituents in the waste streans as the sole measure of rel ease concentration for risk assessment purposes
may have resultedin benefits assessments different from the results that would be obtained if other
concentration measures were used that better capture the variability in these concentrations. Thus, an
aternative to the mean-concentration approach for assessing rel ease concentrations was indicated.

Because the concentration data for many waste streams were so highly variable and heterageneous,
simply using another measure of central tendency (such as the median or geometric mean) would also not
capture the variations in risk estimates that might occur. Thus, risks and benefits were re-caculated from
the raw concentrations data, using sample-specific congtituent concentrations and constituent concentrations
from singe facilities, in order to provide an alternative measure of regulatory benefits. Thisanaysisis
discussed below in Section 5.5.

55 SAMPLE-SPECIFIC SCREENING RISK AND BENEFITSESTIMATION

This section provides a description of the methads used to perform the sample-specific screening
risk and benefits analysis (the second of the two approaches), and a sunmary of theresults of those analyses.
Asdiscussed in Section 5.4.4.2, senditivity analysesindicated that there was a substantial degree of
uncertainty associated with the use of mean-concentration data for estimating pre-L DR risks, and with the
use of the UTS concentrations for estimating post-LDR risks. The anal yses and results described below
address these concerns.

5.5.1 Methodology of Sample-Specific Screening Rik Assessment and Benefits Analysis

There are four main differences between the sample-specific and ysis and the mean-concentration
analysesdescribed above. Thefirst major dfference isboth the addtion and renmoval of several waste
streams. Wastes were added after are-evaluation of the chemical concentration data indicated that sufficient
data were available to support screening risk and benefits analyses (see Section 5.5.1.1); wastes were
removed after re-working the assumptiaons concerning recycling. The next two differences arein the
methods used in the pre-L DR risk estimation for the various waste streams and in the approaches used to
estimate the numbers of waste stream-facility combinations fallinginto different pre-LDR risk categories.
The fourth and final dfference rdates to how the post-LDR rel easeconcentrations are estimated for usein
the risk and benefits assessments. The following sections discuss these issuesin turn.

55.1.1 Addition and Removal of Waste Streams

Asdescribed in Section 5.1.3, many of the potentiall y hazardous mi nera processing waste streams
analyzed for cost were not initially analyzed for risk because the Agency did not have adequate corstituent
concentration data. EPA therefore investigated severa options for filling this data gap. One option involved
estimating (interpolating) constituent concentrations using waste streams with concentration data as proxies.
However, EPA rejected this approach because of the significant) but unmeasurabl €) differencesknownto
exist between the mineral processing waste dreams. For example, waste greams with concentraion data
may be likely to have higher concentrations of constituents than waste streams without data because of
"selection bias' toward data on the more contaminated waste streams. This biasis inherent to the type of
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data compilation used in this analysis, yet the degree o the bias is unknownand therefare would be difficult
to correct during interpolation.

A second gption, which subsequently was implemented, invdved modfyingthe decisioncriteria
used previoudly for determining the acceptability for analysis o the concentration data (see Section 5.1.1).
That is, rather than using only leachate data for LNWW and NWW and only bulk concentration data for
WW, EPA used a higrarchical approach for eachwaste stream, which employed the following steps:

D Apply the previous criteria (i.e., use bulk datafar WW, leachate data far LNWW and
NWW in the risk assessment) where possible thereby obtaining the most relevant
concentration data available for each waste stream.

)] If thisfirst step indicates that concentr ation data of the preferred typeis not available for
the waste, but concentration data of another typeis availade (e.g., buk datafor NWW),
then

. for WW, use theleachate concentrations;
. for LNWW, use the bulk concentrations; and

. for NWW, use 5 percent of the bulk concentrations based on the dilutionthat
occurs during the TCLP (see Section 3.3 for amare detailed disaussion on this

approach).

If, after these steps, no concentration datais available for the waste stream, then it is not included in the
quantitative screening risk analysis, similar to the approach inthe mean-concentration screening risk and
benefits assessment. This approach resulted in nine waste streams being added to the quantitativerisk
assessment.

EPA also dightly adjusted the analytical assurmptions concerning recycled wastes. That is, rather
than assuming that 20 percent o the high-probability (i.e., "Y") fully recycled wastes are treated and
disposed, zero percent was assumed. This new assumption resulted in several waste streams being removed
from the quantitative partion of the analysis, including the fully recycled waste streams analyzed in Ogtion 1
(which thus eliminated any differences between Options 1 and 2 in the quantitative analysis).

The end result of these changesis the addition of six waste streams to the analysis, bring the total
number of waste streams quantitatively analyzed to 42.

5.5.1.2 Sample-Specific Pre-LDR Screening Risk Estimation M ethodology

Under this approach, preL DR sareening risk estimates are devel oped for each individual waste
sample from each waste stream, rather than using the mean constituent concentrati ons derived from al of
the samplesfrom that waste stream. Thus, for each waste stream, there are now"N" risk estimates, where
"N" isthe number of chemical analyses reported in the constituent concentration data base.

The waste stream constituent data used to develop sample-specific risk estimetesis precisely the
same data as those used to derive mean-concentration screening risk estimates, with the additi on of dataon
six morewaste streams. Approximately 220 sampleresults are included in the data base for the 42 wade
streams now addressedin the benefits analysis. As afirst step in the sample-specific screening risk analyss,
facility identity information fromthe original data sources was recombined with the constituent data, so that
the extent of intra- and inter-facility variability in constituent concentrations cauld be investigated, as
discussed below. Same of the data, however, are confidential businessinformation (CBI), and therefore the
Agency coud not disclose the name ar location of these facilities. Other data aso come from sources that
did not identi fy the facility (although the sources are reliable; e.g., effluent gui delines documents). Some of
these unidentified facilities may be the sameas some o the identified facilities, which might lead to"double
counting” during the sample aggregation step described in Section 5.5.1.4. The Agency didnot assessthis
possibility comprehensively, however, because this potentia overlap i s believed to be either relatively minor
or nonexistent based on the likelihood that facilities that provided CBI data) the majority o the unidentified
facilities) aways provided CBI data, andfacilities that provided publicly accessible data always provided
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publicly accessible data. Facility identity datawere available for thevast mgjority of the samples,
confirming the low likelihood of overlap or double counting of samples. The complete data base of fadlity
ID and concentrationdatais attached as Appendix K .

Similar to the mean-concentration approach, cancer risk estimates and estimates of noncancer
hazard quotients were devel oped for each waste sample. Risks and hazard quotients were estimated using
exactly the same assumptions about environmental fate and transport, exposure conditions, and constituent
toxicity aswere used in the mean-concentration screening risk assessment (see Section 5.2). Central
tendency (CT) and high end (HE) risk estimates were derived for groundwater exposures to taxic
constituentsin each wage sample usng the same CT or HE dilution-attenuation factor (DAF) values as were
used in that analysis.

Since not all samples of the various waste streams were analyzed for the same suite of analytes, the
risk or hazard quotient resultswithin a waste streammay be drivenby different analytesin different
samples. (For example, if arsenicand beryllium were not analyzed for ina sample, no cancer risk estimate
is developad for that sample, even if these andytes are present in other samples of the samewaste stream.)
Similarly, non-detect ("ND") results (analytical resul ts where a given anal ytesis analyzed for, but not
present at levelsthat can be detected) are awaysincluded in the sample-specific screening risk calculations
at a concentration equal to one-half the detection limit, irrespective of whether theanalyte was ever detected
in any sample of that waste stream. Thus, there isthe potential that risk resultsfor some wastes may be
driven by and ytes which are never reported as being present in that waste stream, d though thisisunlikdy,
given the low levels of risk usually associated with such low concentrations.

In addition to calculating sample-specific risks far each waste stream, BPA compared constituent
analyses and risk results within facilities, whenever more than one waste sanple is available for that facility.
In somecases, sampes from asingle facility are highly homogeneaus (the same constituentsare detected in
most or dl samples, and the variahility in constituent concentrationsislow). In these cases, facility-specific
screening rik results areestimated ugng typical (arithmetic mean) of therisks. In other cases the waste
stream samples froma single facility are very heterogeneaus (high variability in constituent compositionand
concentrations). In such cases, asimple averaging process is not appropriate, sinceany risk estimatebased
on acombination of concentrations in the different samples would serioudly under- or over-esti mate risks for
some fradion of the wastes. In these cases, identifiable subsets of the samples at a given facility were
identified with similar risks, and risks were cal culated for each subset of the wastes, again using the mean of
therisks. The sample-specific andfacility-specific risks are used to derive benefit estimates, as discussed in
Section 5.5.1.4.

5.5.1.3 Estimate of Post-L DR Concentrations for Screening Risk Assessment
M ethodol ogy

Asnoted in Section 5.4.4, using the UTS levelsfor screening risk estimation inadequately reflects
real-world levels. Therefore, values of half of the UTSlevels have been used in the post-LDR sarmple-
specific screening risk estimation, unless pre-L DR data show that the initial concentrations were below these
levels, in which case the ssmple-spedfic data are used. The reason for choosing alevel belowthe UTSis
outlined as follows.

In Test Methods for Evaluating Slid Waste (U.S. EPA, 1986), federal guidance is given for
compliance with astandard. One option to demonstrate complianceisto develop a sampling plan and
conduct awaste anaysis. This document suggests that an appropriate number of samples should betaken
and the 80 percent confidence interval determined from thesampling data. If the upper bound of the 80
percent confidence interval is below the standard, then the waste is not hazardous. The important point to
note is that the mean concertration of the hazardous constituent must be below the standard for the upper
bound of the 80 percent confidenceinterval to be below the standard. While thismethod of complianceis
federal RCRA guidance, the states or implementing agencies may impose stricter standards, which could,
and often do, result in mean concentrations that are even further below the standard.

The question that remains iswhat | evel below the UTSisareasonable estimate. A limited review of
the congtituent concentrations in thepre-L DR data ind cates that this data is highly variable, within a given
waste stream and within afacility (see Appendix J). The pod-LDR leachate concentrations most likely
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reflect this variability to someextent.”® Based onthe variability seen inthese data (sometimes several orders
of magnitude for agiven facility), it is cl ear that alarge margin of error would be needed to assure that all of
the waste meets the UT Stargets. Given the costs to the regulated canmunity of noncompliance and
chemical anal yses, it is reasonable to assume that wastes will be treated such that the mean concent rations of
the congtituentsin the leachate from the stabilized waste will probably be significantly below the UTS

levels.

Conversdions with experts who either arein the stabilization industry or have worked with this
industry have confirmed that ensuring compliance and minimizinganalytical costs are primary concerns.
However, no universal rule of thumb exists for treatment to a goecific levd below the standard. One contact,
who was working with a stabilization company, stated that this company devel ops a formulation so that the
congtituent concentrati ons in the TCLP extract obtained in the | aboratory are an order of magnitude below
the standards. (See Appendix L for telephone logsof this and related conversations.) The theoryisthat the
order of magnitude di fference will alow ample room for error when the method isused in thefield. In
addition, another contact within the stabilization industry stated that every sample hasto be below the
standard for them to denonstrate compliance. Therefore, a safety margin below the standard is chosen
based on the variability of the waste stream He noted that the marginal cost of the material is cheap
compared to the cost o noncompliance.

Based on guidance far meeting a standard, the vaiability present in the waste streams, and the
information provided by industry experts, values of one-half the UTSappear to be reasonable and
conservative estimates of post-L DR concentrations. The validity of this assumption is supported by
examining the limited amount of data presented in Best Demonstrated Available Technol ogy Badkground
Document for Mineral Processing Wastes(U.S. EPA, 1995) (see Appendix L for summary of data). This
document gves TCLP leachate concentrationsfor wages before and after stabilization. Although these data
are not all from mineral processing wastes, they do indicate that the mgjority of the constituent
concentrations in the leachate fram stabilized waste is lessthan one-half the UTS levels.

5514 Sample-Specific Benefits Estimation M ethodology

In the mean-concentration benefits assessment, the numbers of facilitiesincludedin the benefits
analysis for each regulatory option and exposure scenari o were estimated based on the total numbers of
facilities generating the wastes, and on the degree of certainty that specific waste streamswere, infact, TC
hazardous (see Section 5.1). In the sample-specific screening risk analysis, in contrast, the numbers of
facilitiesincluded in the benefits assessment were still derived fram the universe of generating facilities and
on the certainty that the wastes are hazardous, but also based on the fraction of the samples (or facilities)
with risk estimates in thevarious order-ofmagnitude risk categaries.

In the simplest (and very frequent) case, thereis only one sample per waste stream, and thus the pre-
LDR saeening risk results for that waste sample are assumed to apply toall the HE waste stream-facility
combinations generating the waste. For example, if the HE cancer risk estimate for the single sample of a
waste stream were5x10°, and the total regulated universeconsisted of three generatingfacilities, all three
facilities would fall into the category of facility-waste stream combinations with pre-LDR HE cancer risks
between 10° and 10*. If the HE cancer risk were, in cortrast, below 10°, then all three facilities would fall
into the CT pre-LDR <10° cancer risk caegory.

Where multiple samples were available for awaste stream, the numbers of facility-wade stream
combinations in the variaus risk categories are estimated according to the propartions of the individual
facilities) represented by the sampes) that fall into the same risk categories. For example, in the smplest
case, if there are atotal of four samples of agiven waste streamin the data base, each from different
facilities, and if two of four samples have hazard qudients less than 1.0 and the ather two ssmplesfall into
the hazard quotient category 10 to 100, then half of the universe of facilities generating that waste stream
would likewise be placed into those two risk categories in the bendfits assessment.

18 |f the |eachate concentrations of the wastesinput to the treatment process, for example, vary
by plus-or-minus afactor of ten, thisis agood estimate of the proportionatevariability in
concentration of the treated material, although it is possible to envision processes tha would both
decrease the level of variability (better mixing, ion- or pH-controlled solubility) and increase the
level of variability (incomplete mixing, uneven stabilization).
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A variation on this approach is applied wherever risks from different facilities differ widely and
systematically (some facilities high, otherslow), and where thereisalarge disparity in the numbers of
samples taken fromthe different facilities. Inthese cases, giving equal weight to all of theindividua
samples would resultsin a dispropartionate weight being given in the benefits assessment tothe risks reaults
from the facility with the greatest number of samples. Where this occurs, pre-LDR facility-waste stream
combinations wereapportioned into risk categories using both facility-specific and sample-specific risk
results, in the following manner. In caseswhere arelativel y large number of samples come from the same
facility, and where the screening risk results fram that facility are similar, the risk results for all of the
samples from that facility are averaged, and afacility-wide risk is calculated. Thisrisk result isthen treated
asif it were asingle sanple-specific risk result when benefits are calculated. Thisavoids giving
disproportionate weidht to facilities with lots of samples and givinglow weichts to results from fecilities
with only onerisk result. Assume, for example, & ght samples are available for a given waste stream, four of
which come fram one facility, while the remaining four come fromfour other facilities. All four of the risk
results for the one facility are quite similar and very high, while the risk results from all the other facilities
aremuch lower. Inthis case, theweight o the risk results fromthe single facility isreduced, andthe results
from thisfacility are counted asif they were from ane sample® In the benefits analysis for this example,
one-fifth of the universe of facilities (corresponding to the singlefacility where risks were higher) would
thus be placed into the high-risk category, and the other four-fifthsof the facilities (corresponding to the
other four samples from four other facilities) would be placed intothe pre-LDR lower-risk categories.

Where sanmple-specific screening risk results from a singe facility are highly variable, these results
are not combined, but arestill counted as individual samplingresults in the benefits assessment. Where a
subset of sanples fram afacility are homogeneous, these samplesare again treasted together as asingle
result, anal agous to the approach teken above. For example, in the sample-specific risk results for facility
"3" for copper acid plant blowdown in Appendix M, where agnglerisk result for afacility with multiple
samples is many orders of magnitude different from all the others, the sampleis treated separately in the
benefits analysis, and the remai ning, more similar risk results are combined. In the example facility, five
sampleswith relatively similar risk results were combined into one"adjusted facility”, and the singe
outlying sample with cancer risks many orders of magnitude higher was treated as another "adjusted
facility". The result was that both the low-risk and high—isk samples were reflected in the benefits analysis,
and were given equal weights.

This approach of cambining sample-specific screening risk resultsinto fadlity-wide risk estimates,
and breaking down some results within individual facilitiesinto two or more strata, introduces a degree of
uncertainty into the benefits assessment methodol agy, because it assigns varying weights to individual
sampl e results, depending on other sampling results from the same facility. What EPA found, however, was
that decisions regarding how to aggregate or subdivide samples fromsingle facilities had relatively impact
on the aggregate benefits estimates. As discussed in Section 5.5.4, the distribution of facility-waste stream
combinations across risk categories was found to follow the distribution of risk resultsfrom the individual
samples quited osdy.

Asnoted in Section 5.5.1.3, the post-L DR screening risk assessment for each waste stream isbased
on the assumption that, irrespective o the starting constituent concentrations, post-LDR wage managers
would all achieve average | eachate concentrations equal toone-half the UTSlevels (or lower, if dataare
available which support thisfinding). Thisassumption is consistent with the strateges that facilities will
most likely adopt to assure compliance with the standard. Thus, individual sample concentrations do not
enter into thepost-L DR placemert of wade stream-facility combinationsinto risk categories, unlessthey are
below one-half the UTS. Instead, anaogous to the approach that was taken in the mean-concentration
screening risk estimate, all of fadlities generaing the waste stream are counted into the samerisk categay
based on therisk level achieved at the post-LDR UTS concentrations divided by two.

19 Risks from multiple samples at a singe facility are considered to be homogeneous if the
maximum and minimum key constituent concentrations and risks are within one to two orders of
magnitude of one another, and the constituent compositions are generd ly smilar. Wherefaci lity-
specific risks are cal culated from multiple sample results from a single facility, the arithmetic mean
risk result is used in the benefits assessment. The arithmetic mean result is used because, aswill be
discussed below, "outliers” (samples from a gven facility with much higher or lower risks than the
other samplesfrom the same facility) are further segregated in the benefits analysis.
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5,5.2 Sample-SpecificRisk Assessment Results

EPA performed cancer risk and noncancer hazard quotient calculations for eech of the individual
sample results, using both HE and CT assumptions, as described in Section 5.5.1. Screening level risks
were calculated for 42 waste streams; those that were included in the mean-concertration analysis, minus the
two fully recycled materials, plus six additional waste streamsfor which concentration data were
subsequently identified, as described in Section 5.5.1.1.

The complete risk assessment results are provided in Appendix M. Theresults of these
calculations are summarizedin Exhibits 5-7aand 5.7b. Altogether, pre-LDR cancer risks were calculated
for 126 individual samples, and noncancer hazard qudtients were calculated for 217 samples, the difference
being that, when waste sampling had taken place, the carcinogenic constituents were not analyzed for in the
laboratory (or they did not passQA/QC).

5.5.2.1 Sample-Specific Risk Resultsfor the No Prior Treatment Baseline

The distribution of the cancer risk resultsfor al of the wastes streams are total ed in the bottom row
of Exhibit 5-7a. For pre-LDR, 72 samples had CT cancer risks less than 10°, with 54 having cancer risk
results greater than thisvalue. A total of 21 samples had cancer risk results greater than 102, with one
sample (copper acid plant blowdown) showing a cancer risk approaching1.0. The HE preL DR risk
estimates are, as expected, consderably higher than the CT values. Only 23 sampl es had HE pre-LDR
cancer risks less than 10°, while 47 samples showed HE cancer risks greater than 10°.
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EXHIBIT 57

Graphic Not Available.
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The waste samples with the highest risks were concentrated in arelatively few industries. Asnoted
above, thehighest CT risk wasassociated with one sarmple of copper acid plant blowdown. Sarmples with
CT cancer risksin the range of 10% to 10" were beryllium spent barren filtrate streams (5 samples),
berryllium chip treatment wastewater (onesample), and lead process wastewater (2 samples). Risksinthe
range from 10° to 10% were beryllium spent barren filtrate, bertrandite thickener slurry (3 samples each),
copper acid plant blowdown and spent bleed electrolyte (2 samples each), and zinc pracess wastewater and
spent surfaceimpoundment liquids (one sample each).

Under HE assumptions, cancer risks for additional waste streams tothose just mentioned alsofell
into the upper cancer risk ranges. Additional waste streams with one or more samples greater than 102
included antimony autoclave filtrate (8 samples), elemental phosphorous furnace scrubber blowdown (one
sample), lead surface impoundment waste liquids (1 sample), tantal unycolumbium process wastewater (3
samples), titanium and titanium diaxide leach liguor (1 sample), and zinc process wastewater (2 samples).

Ninety-five of the 217 samples had CT pre-L DR noncancer hazard quadients lessthan 1.0. Only 28
samples had CT hazard quotients in the three highest hazard quotient ranges (100 to greater than 10,000),
with the remainder fallingin between. IntheHE pre-LDR case, 34 samples had hazard quotients less than
1.0, and the number of samples with hazard quotients greater than 100 increased to 93.

In the CT case, thewaste streams with the highest hazard quotients (greater than 100) included
antimony autcclave filtrate (6 samples), copper acid plant blowdown (one sample), elemental phosphorous
furnace scrubber blowdown (one sample), lead process wastewater (4 samples, tantal um/colunmbium process
wastewater (2 sanples), and five different 2nc industry wastes (13 samplestotal). Under HE assumptions,
the hazard quotients for many of the sanples increased; 19 waste streamshad one or more sanples with pre-
LDR HE hazard guotients between 100 and 1,000, 10 had ane or more samples with hazard quotients
between 1,000 and 10,000, and seven waste streams had one or more samples with hazard quotients greater
than 10,000.

As expected, these risks follow the pattern seen inthe mean-concentration risk assessment, with a
few differences. For example, afew high-risk samples from severa of the waste streams move into higher
categories than the corresponding mean-concentration risk assessment. Also, lowv-risk ssmples show up in
this analysis for some waste streams that had high mean-concertration risks. Thisis discussed in more
detail in Section 5.5.4.

5.5.2.2 Post-LDR Sample-Specific Risk Results

Under Options 1 and 2, the distribution of sample-specific risk results shifts substantially towards
lower risk categories, as would be expectedif all of the wastes above one-haf UTSwere treated so asto
reduce leachate concentrations to thase levels. This shift in risksis documented in Appendix M, and
summarized in Exhibits 5-7a and 5-7b.

Under CT assumptions, post-LDR sample-specific® cancer risks al fall below 10*; 79 samples had
CT risksless than 10°, and 47 samples had CT cancer risksin the range between 10° and 10*. Under HE
assumptions, 32 samples had post-L DR cancer risks less than 10°, 31 had cancer risks between 10° and 10,
63 had cancer risk between 10 and 10°, and none had risks greater than 10°. As noted previously, the post-
LDR cancer risk estimates are driven primarily by the assumption that all post-L DR leachate concentrations
will be reduced to one-haf the UTS concentrations; thus, there is no particular pattern of risk reduction
associated with specific industriesor waste characteristics.

Under CT assumptions, all of the 217 waste samples had post-LDR hazard quotients lessthan 1.0.
Under HE assumptions, most (146) of the samples had post-LDR hazard quotients lessthan one, and the
remainder (71 samples) had hazard quotients between 1.0 ard 10.

Again, these results parallel to same extent the results of the mean-concentration risk assessment
described in Section 5.4. A large proportion of the sample-specifi ¢ risks shift from rd atively high pre-LDR

% Note that sinceall of the post-LDR concentrations are reduced to one-half the UTS levels,
these risks are not truly "sample-specific' any more, unless the pre-L DR concentrations aready
meet the UTS levels.
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cancer risk val uesto lower-risk categories post-LDR. All of the pre-LDR sample-specific cancer risks
greater than 10“ under CT conditionsand greater than 10° under HE assumptions are shifted to less than
these values post-L DR, but the number of sample-specific risk estimates |essthan the levd of regulatory
concern of 10° is only slightly increased post-L DR compared to pre-LDR under conditions. Similarly, all
pre-LDRCT hazard quotients greater than 1.0, and all pre-L DR HE hazard quotients greater than 10 are
reduced below these value post-LDR. In contrast to the cancer risk results, the proportions of sample-
specifi ¢ hazard quotients (both CT and HE) lessthan 1.0 increase substantially post-LDR.

5,53 Sample-Specific Benefits Assessment Results

The results of the sampe-specific screening risk assessment were used to devel gp estimates of the
regulatory benefitsof Options 1 and 2, analogous to the pracedure used in the mean-concentration risk
assessment (see Section 5.5.1.4). The results of the sample-specific risk assessment were distributed across
the CT and HE estimates of the numbersof facilities generating each waste stream, to derive estimates of the
number of waste stream-facility combinations with cancer risks or hazard quotients fallinginto the specified
risk categaries under basdine and post-L DR conditions The results of this analysis aresummarized in
Exhibits 5-8a and 5-8b (and illustrated in Exhibit 5-8c).

The benefits of Options 1 and 2, in terms facility-waste stream combinations at different risk levels,
are shown in Exhibit 5-8a. Pre-LDR, 68 of the 117 facilitty-waste stream combinations at which wastes
with carcinogeni ¢ constituent s are generated are distri buted into the CT risk category below the regul ator
level of concern of 10°. The 49 remaining facility-waste stream combinations have been placed into risk
categories above this level, with 16 facilities fallinginto the risk categories above 10°. Post-LDR, the
number of facility-waste stream combinations with CT cancer risks less than 10° increases only slightly to
71. However, al of the remaining facility-waste stream combinationsare reduced toCT cancer risk levels
less between 10° and 10™*.

Under HE assumptions, only 43 of 140 total facility-waste stream combinations have been placed
into the pre-LDRrisk category below 10°, and alarge proportion (51 of 140) fall into
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EXHIBIT 58

Graphic Not Available.
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the risk categories above 10°. Post-L DR, the number of facility-waste stream combinations belowv 10°
increases to 50, but, as was the case for the CT cancer risks, the number of facility-waste stream
combinationsin the hightrisk categories (greater than 10°) fallsto zero. The bulk of thefacility-waste
stream combinations (90) fall into the HE post-L DR risk categories between 10° and 10°.

Pre-LDR, CT sample-specific hazard quotient values less than the levels o regulatary concern (1.0),
have been assigned to 73 o 139 facility-waste stream combinations?* A total of 10 comhinations fall into
the three highest-risk caegories (hazard quotients greater than 100), and the remainder (56) are placed into
pre-LDR risk categories with hazard quotients between 1 and 100 (Exhibit 5-8b). Post-LDR, consistent
with the sample-specific hazard quotient results, all of the facility-waste stream combinations areplaced into
the risk category with hazard quotients values below 1.0. Thusunder CT assumptions the noncancer health
benefit of Options 1and 2 isto reduce the hazard quotients for al of thefacility-waste stream combinations
below levels of regulatory concern.

Pre-LDR, the facility-wast e stream combinati ons are much more broadly distributed across HE
hazard quotient categories. Only 28 facility-waste stream conrbinations have hazard quatients less than 1.0,
and 62 have been placed into thehigh-risk categories with hazard quotients greater than 100. Under
Options 1 and 2, the number of fadlity-waste stream combinations below the level o regulatory concernis
increased t0 108, and all o the remaining combinations (65) fall into the next higher category (hazard
quotients between 1.0 an 10). Thus, thereisal so asubstantia noncancer health benefit, even under HE
assumptions.

5.5.4 Comparison of Mean-Concentration and Sample-Specific Benefits Assessment Results

As noted previously, one of the major reasons far performing the sample-specificrisk and berefits
assessments was to determine how such results woul d differ from the mean-concentration approach. As
noted in Section 5.1, because of the lack of knowledge of canstituent concentration asa function of waste
volume, and the lack of constituent concentration data for unsampled facilities, any approach to estimating
industry-wide risks and risk reduction benefitsis subject to alarge degree of uncertainty. The sanmple-
specific bendfits assessments provide a useful comparison to the mean-concentration approach because it
uses a different approach to estimating waste streamrisks and risk reduction across facilities, waste streams,
and commodities.

The results of the mean-concentration and samplespecific benefits analyses are compared in
Exhibits 5-9a (cancer risks) and 5.9b (noncancer risks). These graphs display the propartions of risk
estimates tha fall within the order-of magrnitude risk ranges used in the benefits analysis. Risk estimetes are
displayed for (1) facility-waste stream combinations esti mates derived using the mean-concentration
approach, as shownin Exhibit 5-5, (2) individual samplesfrom each waste stream, as shown in Exhibit 5-
7, and (3) fadlity-waste stream combinations estimated using the sample-specific risk vdues, as shovnin
Exhibit 5-8 The results of this analysis are displayed in termsof the proportions of the samples and
facility-waste stream combinations falling into the various categories (instead of numbers) because the
numbers of samples and facility-waste stream

2 The numbers of CT and HE facility-waste stream combinations induded in the benefits
analysis differ because smaller numbers of facilities were identified as having carcinogens present
in wastes than the numbers of facilities having noncaranogens. For example (see Appendix M),
severa wastes from the lead industry (4 CT and HE facilities) and several waste streams from the
titanium/titanium dioxide industry (4 CT and 7 HE facilities) were not andyzed for carcinogenic
constituents, and thus are not included among thefacility-waste streamscombinations counted in
the cancer risk reduction benefits tabul ation.
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combi nati ons ar e dif ferent across the three and yses, and norma izing them dl to asingle scae better shows
how the overall dstribution of the results conpares across risk categories.

It can be seen from Exhibit 5-9athat there are substantid di fferencesin the distri bution of facility-
waste stream combination risks and sample-specific risk results calcul ated us ng the diff erent methods. In
particular, the proportion of facility-wage stream combinations for which CT risk estimates are below 10° is
substantially lower when the mean-concentration approach is used than when the sample-spedfic risk reaults
are used (31 percent, or 30 of 98, compared to 58 percent, or 68 of 117). The mean concentration approach
also places alarger proportion of the facility-waste stream combinationsin the 10° to 10 category than
does the sample-specific method. Overall, the mean-concentration distribution of facility-waste stream
combination by CT cancer risksis skewed toward higher risks than the comparable d stribution calcul ated
using the sample-specific risk method.

A similar dtuation is seen for pod-LDR CT cancerrisks. The mean-concentration benefits analysis
places alarger proportion of the facility-waste stream combinationsin the risk category above 10° (36 of 98)
than does the sample-specific benefits assessment (71 of 117), athough both analyses predict alarge
reduction (decrease to zero) inthe number of facility-waste stream combinationsin the high cancer risk
categories.

It is alsointeresting to note that, while the mean-concentration benefits assessment predicts
generaly higher praportions of higher risksin both the pre-L DR and post-LDR CT risk categories, the
magnitudeof the benefits of Options 1 and 2, measuredin terms of the incremental number of facility-weste
stream combinations moving below the level of regulatory concern is similar for thetwo methods. Using
mean-concentration risk results, the estimated number of facility-waste stream combinationsbelow 10° CT
cancer risk increases from 30 to 36, while using the sample-specific risk results, the number of conbinations
below thislevel increases from 68 to 71.

The same genera pattern of more facility-waste stream combinations falling into higher-risk
categories when calculated using the mean-concentration methods is also seen for the HE cancer risk
estimates, as shown in the lower panel of Exhibit 5-9a, in both thepre-L DR and postLDR cases. This
pattern is not unexpected because, when using the mean concertration risk estimation method, sampling
results with very high risks coul d be expected to "swamp" | ower risk results from the same waste stream.

The pattern of larger proportions of mean-concentration facility-waste streams in higher risk
categories is somewhat less pronounced in the case honcancer hazard index calculaions, as showvn in
Exhibit 5-9b. For example, the proportion of facility-waste stream combinationswith CT pre-LDR hazard
indices lessthan 1.0 is 48 percent (65 of 136) for the mean-concentration approach, and 53 percent (73 of
139) for the sample-specific approach. The propartionsin the higher CT hazard quotient ranges are al'so
closer than wasthe casefor cancer risks. Both methods of risk and benefits cd cul aion place dl of facility-
wagte sream combinationsin thel owest post-LDR CT hazar d quotient category.

Under HE assumptions, the mean-concentration approach again places a smaller proportion of
facility-waste stream combinations in the pre-LDR category with hazard quotients lessthan 1.0 (6 of 157, or
4 per cent), compared to the sample-specifi ¢ approach (28 of 174, or 16 percent). The proporti ons of facility-
waste stream conbinationsin the higher HE pre-L DR hazard quotientsis aso increased conpared to the
sample-specific results. The post-L DR HE hazard quotient dstributions of facility-waste stream
combinations cal culated using the two methads differ in that only about 36 percent (57 of 157) of the mean-
concentration facility-waste stream combinations end up below levels of regulatory concern, while 62
percent of the sample-specifi c combinations (108 of 173) are placed in this category. Thus, the benefits of
Options 1 and 2, in terms of facility-waste stream combinationsmoving fromhigh noncancer risk tolower
risk categories under HE assumptions are somewhat higher for the sample-specific procedure than when the
mean-concentration methodology is used.

On the whole, thesample-specific risk and benefits analyses confirm the suspicion that smaller
proportions of facility-waste stream combinations would be placed into high risk categories than was the
case when the mean-concentration approach was used. This tendency does not, however, trandate into a
simple consistent bias of ane method over the aher in terms of the magnitude of benefits that have been
estimated. Asseen inthisanaysis, while pre-LDR HE and CT cancer risks are generally higher using the
mean-concentration appraach than are found using the sample-specific approach, the changesin risks, as
measured by the numbersof facility-waste stream cambinationsmovingto lower cancer risk categories, are
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very compaable between the twomethods. Likewise, the results of thebenefits assessment calculated using
CT hazard quotients are very nearly thesame for the two methods. The benefits estimate, when HE hazard

quotients arethe indicatars of risk, is slightly higher usingthe sample-specific approach than tha which is
obtained using the mean-concentration method.
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